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R A D I O  TRACKING OF MARINER I1 AND ITS  S C I E N T I F I C  I M P L I C A T I O N S  
P rec i se  two-way Doppler t r ack ing  of Mariner I1 during i t s  
129-day f l i g h t  t o  Venus and beyond has provided s c i e n t i s t s  w i t h  
b a s i c  information t h a t  w i l l  he lp  further r e f i n e  phys ica l  con- 
s tan ts  t h a t  a r e  important i n  understanding t h e  s o l a r  system and 
the earth.  
Using t h e  data ob ta ined ,  the  s c i e n t i s t s  w i l l  be a b l e  t o  
apply themselves t o  g e t t i n g ,  w i t h  more c e r t a i n t y  than now 
a v a i l a b l e ,  such f i g u r e s  as:  
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The mass of Venus bP' The precise location of tracking stations on the earth. 
The value of the Astronomical Unit. (The AU is the mean 
distance between the sun and the earth) 
The mass of the earth's moon. 
"The high accuracy and great volume of Mariner tracking 
data will serve as a stimulus to workers in celestial mechanics 
t o  combine radio tracking data, radar astronomy data and optical 
data, they said. 
The long term results of such a combination will resolve 
existing incompatabilities in experimental results and dramatically 
advance our ability to describe the mechanics of the solar system. 
This clearly is needed for accurate navigation and guidance for 
more advanced missions." 
Before the Mariner mission, they said, it was suspected 
that uncertainties in some of the solar system physical con- 
stants -- such as the AU -- would make it difficult, if not 
impossible, to use ground based radio guidance techniques to 
command a spacecraft to hit a planet. It was suspected that 
it would be necessary to use some sort of homing: device on 
the spacecraft so that it could 'sense" the planet and home 
in on it. 
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‘NOW it appears,” they said, that simpler earth based 
radio guidance techniques will remain competitive to on board 
guidance measurements and computation techniques until extremely 
precise target error control is desired. 
For example, it was pointed out, on December 7 -- one week 
before the Mariner encounter with Venus -- the position of the 
spacecl-,aft w-i t ’ r l  respect t o  yeii-Gs was -dncert-in +- bU U l l l Y  e - 1 - 7  vuu Q n n  
miles -- mostly due to the positional uncertainty of Venus 
with respect to the earth. The closest approach of Mariner 
with respect to Venus was 21,648 miles. 
Now, as the precise tracking data have been analyzed, it 
is possible to reconstruct the position of the spacecraft with 
respect to Venus to within 10 miles at encounter. 
More than 22,000 two-way Doppler data points were taken 
during the 129-day Mariner mission, and it is the volume and 
precision of these data points that are proving so useful in 
refining the trajectory. 
Two-way Doppler is a precise method of measuring radial 
velocity of a spacecraft by using the well known Doppler shift 
in frequency in a radio signal between two moving objects. This 
effect is what causes the sound of a train whistle to rise in 
pitch as the train approaches and drop in pitch as it passes. 
Two-way doppler is an extremely precise method of determining 
the shift in the radio signal frequency. 
- more - 
the Deep Space Instrumentation Facility transmitted a signalto 
Mariner. The signal, received at the spacecraft, was shifted 
in frequency by the Doppler effect, and then was retransmitted 
by the spacecraft to Goldstone. The signal received at Goldstone 
was further shifted by the velocity of the spacecraft in relation 
to the station. 
Velocity changes so precise as to be on the order of one 
tenth of one inch per second were measured by this two-way 
Doppler tracking. 
Using these data, it was possible to calculate exactly how 
the Mariner trajectory was perturbed by the gravity of Venus as 
Mariner flew by Venus. 
The size of this perturbation and the accuracy of its 
determination, then, is extremely useful in determining the 
mass of Venus. 
Classical astronomers, using data on the perturbation of 
the orbits of other celestial bodies caused by Venus and collected 
over several decades, have calculated the mass of Venus to be 
0.8148, of the mass of the earth. The probable error is 0.05 
per cent. 
The Mariner data -- collected over two weeks, one week 
before and one week after encounter -- has a potential to 
determine Venus mass with a probable error of 0.005 per cent. 
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Another  s i g n i f i c a n t  r e s u l t  obtained was the abso lu te  loca-  
t i o n  of the  Goldstone s t a t i o n .  Before the  Mariner mission, t h e  
exact  l o c a t i o n  of t h e  Goldstone s t a t i o n  had been known t o  w i t h i n  
100 yards .  
known t o  w i t h i n  20 yards.  
After  Mariner 's  data have been analyzed, it w i l l  be 
The way the  s t a t i o n  loca t ion  i s  determined from t h e  Doppler 
data may be understood by supposing t h e  spacec ra f t  t o  be f i x e d  
i n  space w i t h  r e spec t  t o  the  c e n t e r  of the earth. 
Doppler tone observed would be caused by t h e  s t a t i o n ' s  r o t a t i o n a l  
v e l o c i t y  component along the  d i r e c t i o n  t o  t h e  spacec ra f t .  
The only 
The observed Doppler tone a t  t h e  s t a t i o n  depends, then, 
on the l a t i t u d e ,  longi tude and r a d i u s  from the c e n t e r  of t h e  
e a r t h .  
a t  t h e  DSIF s t a t i o n s ,  it w i l l  be p o s s i b l e  t o  deduce the proper  
combination of s t a t i o n  loca t ion  e r r o r s  t o  match the  data. 
Since many measurements were obtained during many passes 
The mass of the moon may be determined by similar reasoning 
I n  t h i s  case,  t he  va r i a t ion  from the  data, t h e  s c i e n t i s t s  said. 
i n  Doppler tone i s  due t o  the movement of the earth around the 
earth-moon system's  cen te r  of mass, o r  barycenter .  
makes one revolu t ion  around t h i s  barycenter  every 28 days a t  
a speed of 27 miles  an hour. 
The earth 
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Of t h e  t h r e e  i tems t h a t  inf luence t h i s  mot ion  -- t h e  e a r t h ' s  
mass, t h e  moon's mass and t h e  earth-moon d is tance ,  t h e  moon's 
mass i s  t h e  l e a s t  wel l  known. The moon's mass i s  now known t o  
a c e r t a i n t y  of 0 .1  p e r  cent .  
analyzing t h e  data it may be poss ib le  t o  reduce t h i s  p re sen t  
unce r t a in ty  t o  a smaller figure. 
The s c i e n t i s t s  hope tha t  by 
The Astronomical Unit -- t h e  mean d i s t ance  between t h e  e a r t h  
and t h e  sun -- i s  used as t h e  yards t ick  of t h e  solar  system. 
Data from c l a s s i c a l  astronomical observat ions have derived a 
value of t h e  AU which i s  5O,OOO miles d i f f e r e n t  from t h e  value 
derived by Venus radar bounces i n  1961. The r ada r  e s t ab l i shed  
AU i s  92,956,220 miles ,  p lus  o r  minus 300 miles .  
AU i s  50,000 miles  smaller .  
The o p t i c a l  
A similar Venus r ada r  bounce, conducted by t h e  Venus s t a t i o n  
a t  Goldstone during t h e  Mariner mis s ion ,  produced t h e  same r e s u l t  
a s  t h e  1961 bounce a l s o  conducted a t  Goldstone. 
The Mariner t r ack ing  da ta  now provides  an a d d i t i o n a l  r ad io  
determinat ion which w i l l  he lp  resolve t h e  c o n f l i c t  between t h e  
r ada r  e s t ab l i shed  AU and t h e  AU ca lcu la ted  by o p t i c a l  measurements. 
The r e s u l t s  were reported by Thomas W. Hamil ton,  Chief of t he  
systems a n a l y s i s  s ec t ion  of t h e  Cal i forn ia  I n s t i t u t e  of Technology 
J e t  Propulsion Laboratory, and Donald W .  Trask, superv isor  of the  
o r b i t  determinat ion gmup o f  t h e  same s e c t i o n  a t  JPL. 
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